There has been much recent interest in obtaining accurate and precise in situ data on the fish assemblages associated with both natural and artificial reefs. These data are needed to assess and monitor these biotopes as well as test various ecological hypotheses (e.g., Bohnsack and Sutherland, 1985; Hixon and Beets, 1989; Sale 1980) . Concomitant with the increase in intere,st in obtaining these data has been the implementation of a variety of sampling methods (e.g., Barans and Bartone, 1983; HarmelinVivien eta/., 1985) . Evaluating the implementation of these methods under various conditions has also been the subject of many recent studies as well (Bartone, Hastings, and Oglesby, 1986; Bartone, Kimmel, and Bundrick, 1989; Brock, 1982; DeMartini and Roberts, 1982; Kimmel, 1985; Sale and Douglas, 1981; Sale and Sharp, 1983; Sanderson and Solonsky, 1986; Thresher and Gunn, 1986) . Somewhat separate from the methods used to assess fish assemblages in situ is the 17 technique used to record the data. The "standard" technique of writing data on an underwater slate (Helfman, 1983) has given way to more sophisticated audio, video, and audio/video recording devices (e.g., Alevizon and Brooks, 1976; Bartone et at., 1986; Smith and Tyler, 1973) . While each of these in situ data recording techniques has advantages and disadvantages it is especially significant for researchers to be aware of the effect that different methods of data recording may have on the statistical description of the faunal assemblage. This is especially true when comparing data that have been recorded by different methods within a study or when comparisons are being made to previously published studies using differnt recording techniques. Greene and Alevizon (1989) recently conducted a preliminary evaluation of different in situ recording techniques as part of a general comparison of several visual assessment methods. The present study is a more detailed examination of their initial assessment. We compare faunal population variables as attributes of the data recording technique to determine which are comparable between recording techniques. Also, we examine the factors attributable to faunal composition that most significantly affect the comparison. The results herein should facilitate the decision process when researchers choose recording techniques in future studies.
METHODS
As in the study by Greene and Alevizon (1989) , "The Living Seas" exhibit at Walt Disney World, EPCOT center was chosen as the site to evaluate the in situ data recording techniques (see Greene and Alevizon, 1989:901, fig 1. for a diagram of the facility). The 62 m diameter, 8 m deep, 21.5 million liter aquarium held a fish assemblage of about 1800 Carolinian and Caribbean province fishes of 65 species during the 20-24 March 1989 study period. The facility proved advantageous to the objectives of this study as it provided a controlled environment with a population of fishes that remained unaffected by the immigration-emigration features normally associated with natural fish populations. No additional fish were added to the assemblage during the study and the brief sampling period limited the impact of mortality. The surveys were conducted in an area of the aquarium with moderate relief (<1 m) that had attracted predominantly reef-associated fish species. Through our experience of observing reef fishes under natural conditions we concluded that fish behavior appeared "normal" during the study period. Colors on some individual surgeonfish (Acanthurus spp.) were somewhat "faded" making accurate species determinations difficult hence they were "lumped" together in the species abundance matrix. Personnel at the "Living Seas" were extremely helpful during the project and restricted their daily maintenance activities to times that did not interfere with our observations. Visibility was greater than 30m throughout the study.
Surveys were conducted using a point-count in situ visual assessment method (after Bohnsack and Bannerot, 1986 but modified by Bertone eta/., 1989) having a 5.64 m radius (=100m 2 ) from the same central point for all recording techniques. The observer (SAB) occupied a position at the central point and recorded the abundance of each species entering the circle premarked with plastic tape to clearly define the limits of the sample area. The observer turned slowly, completing the rotation and survey in 5 min. Criteria for including individuals and schools of fishes during a survey follows Brock (1954) where no individual fish was recounted if it could be determined that it was previously counted and if one member of a school passed into the survey area then all members of the school were included in the count as well. Species abundance surveys for the slate recording technique were conducted alternatively with the audio/video recordings which were conducted simultaneously. In the later case the observer operated the video camera while recording audio data by observing over the top of the video camera housing. Thus the video tape had both audio and video information recorded on it at precisely the same time.
One hundred and twenty point-count surveys (40 for each recording mode) were recorded: on a white plastic slate (rough· ened with sand paper and using a pencil); on audio tape using a full-face dive mask; or simultaneously on video tape using a video recorder in an underwater housing. The audio recorded data were transcribed from the tape without reference to the video data. One week later the video recorded data were transcribed from the tape without reference to the audio portion of the tape. The data (species and number of individuals) were entered into a data base, analyzed and compared for their similarity in recording the following dependent variables: number of species, number of individuals, and ShannonWeaver species diversity (H'; Pielou, 1966) . In addition, similarity coefficients such as the Jaccard Coefficient, Quotient of Similarity, Percent Similarity, Morisita's Index and Horn's Index were calculated between recording method pairs using a computer program from Oakleaf Systems, Inc. (Decorah, Iowa). Pearson product and Spearman rank correlation coefficients were calculated on species abundance between recording methods using the SAS statistical program (SAS, 1985) . The population variables and mean abundance for each species were compared using Student's t-test for slate versus audio and slate versus video recorded data. A paired t-test was used to compare variables between the audio and video recorded data because these data do not represent independent samples. The level of significance used to reject the hypothesis that there was no difference between recording methods was p<0.05 unless otherwise indicated.
RESULTS
A comparison of the descriptive statistics for the fish assemblage variables (i.e., mean number of species, individuals, and species diversity) indicates a general faunal similarity between the slate and audio recording techniques (Table 1) . There was no statistical difference in the mean number of species or the species diversity measure using these two methods. These two variables were significantly lower when recorded using video than with the other two techniques. No recording technique was similar to another with regard to the number of A summary of the species abundance matrix ( Table 2 .) indicates that some species are more responsible for the differences in the assemblage parameters than others. The grunt species (genus Haemulon) were not only some of the more abundant species but they were species that often showed differences in abundance between recording techniques. It appears that species which occurred in mobile schools such as grunts (Haemulon spp.) and surgeonfish (Acanthurus spp.) contributed more to the differences recorded between methods.
In a pairwise comparison between the faunal similarity attributable to the three recording techniques there is a strong overall agreement in the faunal assemblage they each describe (Table 3. ). Jaccard Coefficients, Quotient of Similarity, Percent Similarity, Morisita's Index, and Horn's Index all indicate a strong faunal resemblance recorded among the three techniques. Another indication of the overall faunal resemblance similarity recorded can be seen in an examination of the correlation coefficients. Both Spearman rank and Pearson product correlation coefficients were high and significant for all combinations (p<0.0001). Greene and Alevizon (1989) determined from their study that audio recorded data were more accurate than were data recorded by slate and video techniques. They based this conclusion after comparing their data to what they considered to be a known standard reference. One of the major differences between their study and ours is that, our sample size was larger (20 versus 40) and we employed only one visual survey 3 method thus avoiding bias due to the assessment technique itself. The high scores of the similarity coefficients comparing the faunas recorded herein by the three recording techniques indicates that all three methods provide a reasonable and comparable description of a fish assemblage. The slate and audio recorded variables tended to be more similar to each other than either was to the variables recorded using video. An a priori assumption could be that audio would be a superior recording device over slate. This is because when an observer uses a slate considerable time (and therefore effective observation time) is spent looking at the slate instead of the assemblage. Although audio did tend to produce higher values for all variables when compared to slate these differences were generally not significant.
DISCUSSION
Video recorded variables had the lowest values of the three recording techniques tested here. The suggested reason for this is that the field of vision of a video recording device is much more limited than the human eye, even though one's vision is partially obscured when using a dive mask. The limited field of vision, camera angle, and lighting can lead to a reduced probability of detecting an individual when using a video recorder. The quality of the video reproduction itself may have greatly contributed to the reduced amount of information being recorded. In addition, our experience indicates that some species must be observed for a considerable time to correctly identify them in the field. The video apparatus does not permit the "eye of the observer" to move as freely as with the other two techniques employed here. Also some individuals may go undetected because the cryptic color and sedentary behavior of some species makes them difficult to detect on the video recorded format. The test conditions provided by the "Living Seas" facility were "ideal:' One could expect that factors which limit the video recordings would play an even more significant role in reducing the probability of detecting an individual organism under more natural circumstances.
In the present study, audio recorded data provided faunal assessment statistics that were higher for most variables. It is a generally recognized phenomenon that visual census techniques tend to underestimate a fish community (HarmelinVivien et a/., 1985). Part of this can be attributed to reduced effective observation time when using a slate as the observer must "look down" while writing. This is not a factor with audio data recording as the observer theoretically is not so distracted. It is, therefore, not surprising that the audio technique would provide higher statistical values in a description of a fish assemblage.
It is suggested that a combination audio/video recorder be used in the in situ visual assessment of fish assemblages. The audio recorded data tend to produce the most information and should be used for analysis. Moreover, the video provides a permanent visual record of the sampling conditions and can serve to verify species identifications. If circumstances or conditions do not permit an audio recording device (e.g., if the audio recording device does not function properly)
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